3D printing of parts is gaining incredible popularity in manufacturing. However, assessing the quality of models before they are printed remains a challenging problem, particularly when you consider point cloud based models [3] , such as those that come from 3D scanners. This paper introduces an approach to quality assessment, which uses techniques from the eld of Topological Data Analysis (TDA) to compute a topological abstraction of the eventual printed model. This abstraction enables investigating certain properties of the model, with respect to print quality, and identify potential anomalies that may appear in the nal product.
Mapper and Persistent Homology:
This approach uses 2 of the fundamental tools of TDA, namely Mapper [4] and persistent homology [1] , to provide users with feedback about their models (see Figure 1 ). We use Mapper to extract information about the layer-by-layer connectivity of the model to be printed, providing an abstraction of the overall shape of the object. Persistent homology on the other hand is a tool that normally is used to provide a multiscale view of connected components, holes/tunnels, and voids in data of any dimension. Our approach uses persistent homology for the detection of connected components and holes within a printer layer.
The inner workings and associated details of both Mapper and persistent homology are quite complicated, and so we refer the reader to prior work for a better understanding [1, 4] . As an alternative, we provide an intuition about the types of structures captured by each of these tools.
Mapper
Mapper is a TDA tool that provides a graph-based abstraction of the topology of a mesh or point-based data. Mapper construction starts by rst slicing the data, vertically in our case. Next, graph vertices are created from connected components identied within each layer. In other words, the connected components of the layer are collapsed into a graph vertex. There are many variations on identifying connected components from points. We use the persistent homology approach, introduced in the next Proceedings of CAD'18, Paris, France, July 9-11, 2018, 66-70
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Given a topological space X, the homology groups H 0 (X), H 1 (X), and H 2 (X), describe the connected components, holes/tunnels, and voids of the space, respectively. For example, consider the torus in The multiscale notion of homology, called persistent homology, extracts the homology groups of a set of points considering dierent resolutions. The topological feature therefore has a minimum resolution
where it rst appears, known as the birth time, and a maximum resolution it is visible, known as its death time. This can be intuitively thought of as the thickening of points. Figure 4 shows an example. 
Results:
We implemented our approached using a number of tools. First, we implemented Mapper in Java. We tested our approach on the Dragon dataset from the Stanford 3D Scanning Repository. We used the points from the reconstructed dataset, which contained approximately 566,098 points. The question we were after was, if someone was to try to rasterize these points directly for 3D printing (ignoring any mesh connectivity), what sort of anomalies would occur. We rst scaled the model to a height of 10 cm.
We then chose the z resolution to be 3.3 mm and xy resolution to be 1.0 mm.
After running our pipeline, the results are displayed in Figure 6 . The tree on the left overviews the entire structure of the graph. We will concentrate on the few circled regions. 
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Starting after the bottom node of orange region, the graph bifurcates, indicating a split in the connected components, and merges again at the top. This splitting and merging pattern is indicative of an exterior hole in the model. This same type of splitting and merging behavior can also be noticed in the graph region circled in green and associated with Figure 6 (d) . This hole is caused by the leg and body coming together. However, it is dicult to observe by looking at the 3D imagery of the point cloud. In fact, we could not nd a good viewing angle that showed this hole directly.
Finally, we look at the bottom slice of the model in Figure 6 (e) in light blue. Looking at the graph, one may observe 2 nodes on the bottom layer that have many points in the graph visualization. Each point represents a hole in the layer. This may indicate a problem for watertightness, particularly given that this is the bottom layer. Observing the connected components represented by those 2 node in Figure 6 (e), many holes are visible in the layer due to inadequate resolution of the points. From this, the initial concern about watertightness is conrmed, given that these holes are not covered by a subsequent layer.
Conclusions:
In conclusion, we have presented an approach for using Topological Data Analysis in the evaluation of point cloud model quality in 3D printing. We made some simplifying assumptions in this paper.
For example, we assume that 3D printing resolution is uniform across the entire xy domain, which is not necessarily true. We also chose a naive rasterization procedure, though any other procedure could theoretically be used instead. In fact, any pre-rasterized model would be adequate for analysis in this pipeline. It is also important to note that this approach does not necessarily report specic problems, but it instead provides a framework for identifying regions where certain problems may exist. In the future we will expand our study by not only studying the topology of the positive space, but also the topology of the negative space. This will provide new direct insights about features like watertightness and connectivity of the holes within the object.
